Introduction

22
Car accidents are among the major causes of mortality in modern society. In automotive industry, were based on the use of the lumped masses and nonlinear springs. The models built with these by maximum dynamic crush, which is the maximum displacement of the car front with respect to its 48 center of gravity [2] . Also according to the European Standard EN1317-1 [3] , another indicator for 49 potential injury during a crash event is the acceleration severity index(ASI), which is determined from 50 the acceleration measurement closer to the center of gravity of the car. This indicator is described 51 later in the text. In the past few decades, much research has been carried out in the field of vehicle 52 crashworthiness using LPM which resulted in several novel computational models of vehicle collisions.
53
In his book, Huang in [4] , developed several mathematical models for vehicle crashworthiness using [7], the authors proposed an approach to control the seat belt restraint system force during a frontal 60 crash to reduce thoracic injury. Klausen et al. [8, 9] introduced a firefly optimization method to estimate 61 parameters of vehicle crash test based on a single spring-mass-damper model. Ofochebe et al. in
62
[10], studied the performance of vehicle front structure using a 5-DOFs lumped mass-spring model 63 composed of body, engine, the cross-member, the suspension and the bumper masses. Munyazikwiye 64 et al. in [11, 12] , introduced linear piecewise lumped parameters models and the genetic algorithm explicit FEA is probably the most frequently used. In fact the first major area of application of explicit
82
FEA was automotive crashworthiness.
83
Some examples of use of FEA for improvement of vehicle crashworthiness include the following:
84
Cheng et al in [23] , used LS-DYNA software to develop a single model that can be successfully used in 85 computational simulations of full frontal, offset frontal, side, and oblique car-to-car impacts. In [24] , an 86 improvement of energy absorbing structure of a commercial vehicle for crashworthiness was achieved 87 through FEA. Huiwen et al. [25, 26] , used an explicit code in LS-DYNA for the crash simulations of a 88 full vehicle. In their model the vehicle body structure was first validated using experimental modal 89 analysis in order to ensure that the distributed stiffness and mass of the model were equivalent to the 90 actual body structure. Moradi et al. [27] , proposed a FEM that can be utilized in the design process of 91 a vehicle by reducing the aggressivity of the vehicle and increasing the on-road fleet compatibility in 92 order to minimize the occupant injury. In [28] , the authors developed a numerical model of a car crash 93 by analysing the scenarios where a high-speed vehicle was crashing into a wall and a static vehicle.
94
Their research objective was to identify the sources of harm to driver and passengers when car crashes 95 occur. To assure a bumper design which meets the safety requirements, Kankariya and 
100
Finite element models are relatively complex and require large amount of computational time.
101
The availability of simpler numerical tool for estimation of basic vehicle crashworthiness parameters 
The transformation pair in (1) holds if x(t) and X(ω) are defined and finite for all ω ∈ R and t ∈ R. x(t) and h(t) and is define as
or equivalently in the discrete-time case, by the convolution sum, if x(n) is an N point signal 
where h(t) or h[n] is the impulse response of the system [33] . The symbol ⊛ is a circular convolution 132 operator.
133
In this paper, the acceleration signal (experimental data) is filtered using a Finite Impulse Response
134
(FIR) filter before performing numerical integration to obtain the velocity and displacement responses, 
and the dynamic equation of the model in Figure 3 as
whereẋ and x are the velocity and displacement of the center of gravity of mass m (the mass of the 
Piecewise linear approximations for springs and dampers
146
The spring stiffness and damping coefficients in the model, described in the previous section, are 147 defined by the linear piecewise functions in equations (6a) -(6b).
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where C m is the value of the maximum dynamic crush or the maximum deformation of the vehicle's 149 front structure.
150
The upper limits of 1m and 25m s in equations (6a) and (6b) of individual solutions. At each step, the genetic algorithm selects individuals at random from the 158 current population to be parents and uses them to produce the children for the next generation.
159
Over successive generations, the population evolves toward an optimal solution. This evolutionary the cost function to be minimized is the norm of the absolute error between the displacement, velocity 172 and acceleration of the simulated cash and the FEA or full-scale crash test data and is defined as:
where E Est , E Exp and E FEA are the model, experimental and FEA variables (displacement, velocity 174 and acceleration) respectively and "T" stands for transpose. in Equation (7) is evaluated, and when the cost function is minimum the solver terminates, otherwise 181 the GA keeps on tuning the model parameters to match the experimental results or FEA results. The simulations were performed using the LS-DYNA software Version R8.10 (Revision R8.105896).
192
The impact velocities of 40, 48, 56, 64 and 72 km/h were simulated and the average computational 
195
In case when the finite element analysis uses under-integrated shell and solid elements, which is the recommended value according to [22, 36] . The impact Severity Class A affords a greater level of comfort for vehicle occupants than Class B and C.
220
The more the ASI exceeds unity, the more the impact consequences for the passengers are dangerous
221
[39].
222
In case of a full frontal crash, the acceleration components in the lateral and vertical directions are 2. Choose the largest a x (t i ) and convert it to g units.
231
3. Divide the largest a x (t i ) by the longitudinal threshold value of 12g.
232
Results
233
The spring stiffness and damping coefficient characteristics of the vehicle's front structure,
234
optimized through the GA, are shown in Table 1 . Table 2 . 
Discussion
243
LPM tries to reconstruct the crash event using the damping and stiffness. The stiffness is initially 244 low at time of contact with the barrier and increases piece-wisely until the car frontal structure 245 plastically deforms at the dynamic crush. This apparent increase of stiffness is due to compaction of 246 many elements that buckle together when the front structure of the car is completely compressed at the 247 maximum dynamic crush. The vehicle's frontal structure absorbs the energy and deforms sufficiently. 
